Abstract: Aims: To determine the risks of suicide attempt (SA) and suicidal drug overdose (SDO) following the admission for head injury of patients with depression. Design: We analyzed the NHIRD data of patients aged ≥20 years who had received depression diagnoses between 2000 and 2010. They were divided into cohorts of those with admission for head injury (DHI) and those without it (DWI) during the follow-up period and compared against a sex-, age-, comorbidity-, and index-date-matched cohort from the general population. Setting: The Taiwan National Health Insurance Research Database (NHIRD). Participants/Cases: We analyzed the NHIRD data of patients (≥20 years) who had received depression diagnoses between 2000 and 2010. Intervention(s): Regular interventions. Measurements: We calculated the adjusted hazard ratios (aHRs) and 95% confidence intervals (CIs) of SA and SDO in these cohorts after adjustment for age, sex, and comorbidities. Findings: Up to the end of 2011, our results revealed extremely high incidences of SA and SDO with 63.3 and 88.6 per 10,000 person-years, respectively, in the DHI cohort. The DHI cohort had a 37.4-times higher risk for SA and a 17.1-times higher risk for SDO compared with the comparison group and had aHRs of 14.4 and 16.3, respectively, for poisoning by medicinal substances and poisoning by tranquilizers compared with patients in the DWI cohort. Patients with DHI aged <50 years, of female sex, with high incomes, living in more urbanized areas, and without other comorbidities had extraordinarily higher risks for SA. Conclusions: The risks of SA and SDO were proportionally increased by head injury in patients with depression in Taiwan. Our findings provide crucial information to implement efficient suicide prevention strategies in the future.
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Introduction
Depression is a common brain disorder worldwide and is characterized by key symptoms of low and depressed mood, loss of interest and pleasure, fatigue, and reduced energy for at least 2 weeks [1] . Depression can be a solitary disorder with an idiopathic cause, or it can be coexisting with another disease, which increases the complexity and care burden of the depression itself. The prevalence rate of coexisting depression in patients with various neurological disorders, such as stroke, multiple sclerosis, Parkinson's disease, or epilepsy, is 20-50% [2] . In addition, patients with depression usually experience low self-confidence, guilt feeling with self-blame, and suicidal ideation. Depression is thus known as the main psychiatric disorder associated with suicidal behavior or suicide attempt (SA) [3, 4] . However, depression is usually underdiagnosed and undertreated even in developed Western countries [5, 6] . Moreover, one of five adults has considered suicide in United Kingdom and one in 15 has attempted suicide [7] . Thus, the majority of patients at a high risk of suicide will not die by suicide. Instead of the low predictive value and efficiency by finding the ones with suicide ideation, identifying the ones who at a high risk for attempting suicide and who might die by suicide should be the priority for patient safety and suicide prevention among individuals with depression [7] .
Even in the 21st century, head injury remains one of the leading causes of death worldwide, irrespective of Western or Asian countries [8, 9] . In a study including 48,792 Taiwanese patients admitted with moderate or severe head injury, 4935 patients died, and the standardized in-hospital mortality rate for head injury was 10.7 deaths per 100,000 person-years in Taiwan [10] . However, head injury may result in various degrees of paralysis, consciousness impairment, and cognitive problems other than death. Patients surviving an initial admission for head injury often experience long-term or even life-long emotional and mental consequences [11] [12] [13] , which can probably increase the severity of depression and the risk of SA [14, 15] . However, it remains unclear to what extent the risk of SA is increased in patients with depression following a head injury. We believe that a more thorough understanding of the risk and risk factors for suicidal behavior in patients with depression plays a key role in building an effective strategy for suicide prevention.
Taiwan is located in East Asia and has similar mores to those of China and most of Southeast Asian societies [16] . The Taiwanese government has run an established nationwide health care system for 2 decades [17] . This study used the Taiwan National Health Insurance Research Database (NHIRD) to determine whether the risk of SA was increased in patients with depression admitted for head injury. Because of the differences in cultural, ethnic, and socioeconomic backgrounds between Taiwanese and Western societies [16, 18] our data regarding the risk of SA in Taiwanese patients might not be applicable to Western countries. However, these data could be beneficial both for the Taiwanese clinicians and government and for other Asian countries.
Methods

Data Source
In 1995, Taiwan government implemented a nationwide database (NHIRD), which includes the medical records of all beneficiaries of the single-payer health care system in Taiwan. Medical records include the history of outpatient visits, hospitalizations, prescriptions of medication, and other medical services. As of today, more than 99% of residents are enrolled in the database [17] . To ensure the high validity of this study, we used hospitalization files from the NHIRD. All study participants were patients with a hospitalization record. The identification number of each study participant was recoded before the database was released by the government. Diagnoses were made according to the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) coding system. The Research Ethics Committee of the China Medical University and Hospital in Taiwan approved the study (CMUH104-REC2-115-CR4).
Study Population
To clarify the association between patients with depression admitted for head injury and the risk of SA and suicidal drug overdose (SDO), we included patients aged 20 or more and defined four cohorts as follows: patients with depression (ICD-9 CM: 296.2, 296.3, 296.82, 300.4, and 311) constituted the total depression cohort; patients with depression and admitted for head injury (ICD-9 CM: 850-854 and 959.01) represented the DHI group; and patients with depression but without head injury were part of the DWI group. Patients without depression or head injury between 2000 and 2010 were selected as the comparison cohort. The date a patient received head injury or depression diagnosis was defined as the index date in the DHI and DWI cohorts. The comparison cohort was frequency-matched by sex, age, and index year.
Outcome Measurement
The primary outcome in this study was the occurrence of SA (ICD-9-CM: E950-E959). To further understand the risk of SA and the safety of long-term prescription in patients with depression, both the SDO and SA in these cohorts were analyzed. SDO was defined as hospitalization with the ICD-9-CM codes 960-979 but without E codes. We excluded patients younger than 20 years and those who experienced SA or SDO before the index date. The covariates included a history of schizophrenia (ICD-9 CM: 295), alcohol-related illness (ICD-9 CM: 291, 303, 305.00, 305.01, 305.02, 305.03, 571.0, 571.1, 571.3, 790.3, and V11.3), anxiety (ICD-9 CM: 300.00), mental disorders (ICD-9 CM: 290-319), insomnia (ICD-9 CM: 307.4 and 780.5), diabetes mellitus (ICD-9 CM: 250), hypertension (ICD-9 CM: 401-405), hyperlipidemia (ICD-9 CM: 272), chronic obstructive pulmonary disease (COPD) (ICD-9 CM: 491, 492 and 496), coronary artery disease (CAD) (ICD-9 CM: 410-414), stroke (ICD-9 CM: 430-38), and cirrhosis (ICD-9 CM: 571, 572), which were all defined by at least one hospitalization record before the index date. The follow-up period for the study participants began at the index date and lasted until the date of SA or SDO, death, withdrawal from the NHIRD, or December 31, 2011, whichever came first.
Statistical Analysis
In this study, we expressed the demographic factors and mean age by number (%) and mean (standard deviation (SD)) for the categorical and continuous variables, respectively. The differences in variables among the four cohorts were tested using the chi-square test for categorical variables and analysis of variance for continuous variables. The incidence rates of SA and SDO were calculated by dividing the SA or SDO events by the person-years (every 10,000 person-years). The Kaplan-Meier method was applied to demonstrate the cumulative incidence curve of development of SA and SDO in the DHI, DWI, and comparison cohorts, and the differences between the cumulative incidence curves were established using the log-rank test. The risks of SA and SDO in the total depression, DHI, DWI, and comparison cohorts were evaluated using crude and adjusted Cox proportional hazard models and presented as hazard ratios (HRs), adjusted HRs (aHRs), and 95% confidence intervals (CIs). The statistical analyses were conducted with type I error α = 0.05 using a statistical software package, SAS, version 9.4 (SAS Institute, Inc, Cary, NC, USA).
Results
In this study, we identified the following four cohorts: total depression (n = 669,244), DWI (n = 647,375), DHI (n = 21,869), and comparison (n = 1,338,487) cohorts. After frequency matching by sex, age, and index year, no significant differences were observed among the four groups (p = 0.99). Significant differences were noted among the four cohorts in the monthly income, urbanization level, occupation, and comorbidities (p < 0.001). Of the participants constituting the overall study cohorts, 60.1% were men, and 39.9% were women. The mean (SD) age was 46.8 (19.3) years in the total depression (DHI + DWI) cohort and 46. 6 (19. 3) years in the comparison cohorts (Table 1) . Chi-square test; § t-test; a total depression vs. comparison cohort; † New Taiwan Dollar (NTD), 1 NTD is equal to 0.03 USD; ‡ the urbanization levels were divided according to the population density of the residential area into four levels: level one was the most urbanized and level four was the least urbanized; b the other occupation category included primarily retired, unemployed, and low-income populations. Figure 1 presents the cumulative incidence curves of SA and SDO in the DHI, DWI, and comparison cohorts. The results revealed significant differences in the cumulative incidences of SA between the DHI, DWI, and comparison cohorts, with a p value for the log-rank test of <0.001 ( Figure 1A) . Moreover, the results indicated significant differences in the cumulative incidences of SDO between the DWI, DHI, and comparison cohorts, with a p value for the log-rank test of <0.001 ( Figure 1B) . Table 2 exhibits the event numbers, incidences, HRs, and 95% CIs for distinct risk factors associated with SA. The incidences of SA in the comparison, total depression, DWI, and DHI cohorts were 1.16, 5.50, 3.76, and 63.3 per 10,000 person-years, respectively. Compared with each comparison group, patients in the DHI cohort (aHR = 37.4, 95% CI = 32.9-42.4) and aged less than 50 (aHR = 1.45, 95% CI = 1.30-1.62) had specifically significantly higher risks of SA than others. Patients with monthly income of less than New Taiwan Dollar (NTD) 15,000 (aHR = 1.66, 95% CI = 1.44-1.90), with a monthly income of NTD 15,000-19,999 (aHR = 1.56, 95% CI = 1.38-1.76), living in urbanization level two, three, and four areas (aHR = 1.33, 1.51, 1.64; 95% CI = 1.18-1.50, 1.32-1.72, 1.46-1.85), with a laborer occupation (aHR = 1.24, 95% CI = 1.13-1.36), with other occupations (aHR = 1.29, 95% CI = 1.13-1.36), and with comorbidities of schizophrenia (aHR = 3.28, 95% CI = 2.61-4.11), alcohol-related illness (aHR = 3.80, 95% CI = 3.16-4.56), anxiety (aHR = 2.32, 95% CI = 1.82-2.96), mental disorder (aHR = 0.71, 95% CI = 0.58-0.87), insomnia (aHR = 2.37, 95% CI = 1.96-2.85), diabetes (aHR = 1.31, 95% CI = 1.13-1.51), hyperlipidemia (aHR = 1.36, 95% CI = 1.15-1.60), COPD (aHR = 1.22, 95% CI = 1.03-1.45), and cirrhosis (aHR = 1.26, 95% CI = 1.07-1.47) had significantly higher risks of SA after adjustment for demographic factors and comorbidities ( Figure  1B ). Table 2 exhibits the event numbers, incidences, HRs, and 95% CIs for distinct risk factors associated with SA. The incidences of SA in the comparison, total depression, DWI, and DHI cohorts were 1.16, 5.50, 3.76, and 63.3 per 10,000 person-years, respectively. Compared with each comparison group, patients in the DHI cohort (aHR = 37.4, 95% CI = 32.9-42.4) and aged less than 50 (aHR = 1.45, 95% CI = 1.30-1.62) had specifically significantly higher risks of SA than others. Patients with monthly income of less than New Taiwan Dollar (NTD) 15,000 (aHR = 1.66, 95% CI = 1.44-1.90), with a monthly income of NTD 15,000-19,999 (aHR = 1.56, 95% CI = 1.38-1.76), living in urbanization level two, three, and four areas (aHR = 1.33, 1.51, 1.64; 95% CI = 1.18-1.50, 1.32-1.72, 1.46-1.85), with a laborer occupation (aHR = 1.24, 95% CI = 1.13-1.36), with other occupations (aHR = 1.29, 95% CI = 1.13-1.36), and with comorbidities of schizophrenia (aHR = 3.28, 95% CI = 2.61-4.11), alcohol-related illness (aHR = 3.80, 95% CI = 3.16-4.56), anxiety (aHR = 2.32, 95% CI = 1.82-2.96), mental disorder (aHR = 0.71, 95% CI = 0.58-0.87), insomnia (aHR = 2.37, 95% CI = 1.96-2.85), diabetes (aHR = 1.31, 95% CI = 1.13-1.51), hyperlipidemia (aHR = 1.36, 95% CI = 1.15-1.60), COPD (aHR = 1.22, 95% CI = 1.03-1.45), and cirrhosis (aHR = 1.26, 95% CI = 1.07-1.47) had significantly higher risks of SA after adjustment for demographic factors and comorbidities (Table 2) . CI, confidence interval; HR, hazard ratio; PY, person-years; # incidence rate per 10,000 person-years; $ multivariable analysis included age, monthly income, urbanization level, and comorbidities of schizophrenia, alcohol-related illness, anxiety, mental disorders, insomnia, diabetes mellitus, hypertension, hyperlipidemia, chronic obstructive pulmonary disease, coronary artery disease, stroke, and cirrhosis; † New Taiwan Dollar (NTD), 1 NTD is equal to 0.03 USD; ‡ the urbanization levels were divided according to the population density of the residential area into four levels: level one was the most urbanized, and level four was the least urbanized; b the other occupation category included primarily retired, unemployed, and low-income populations; * p < 0.05, ** p < 0.01, *** p < 0.001. Table 3 presents the analysis results of SA risk stratified by sex, age, monthly income, urbanization level, occupation, comorbidities, and compared with the comparison cohorts. Patients aged less than 50, aged 50-64, aged ≥65 years, of female sex, and male sex all had significantly higher risks of SA. When stratified with monthly income, urbanization level, and occupation, patients with monthly income of less than NTD 15,000, monthly income of NTD 15,000-19,999, monthly income of ≥NTD 20,000, living in urbanization level one to four areas, working as office workers, laborers, and other occupations all had significantly higher risks of SA in the total depression, DWI, and DHI cohorts. Both the patients with any one of the comorbidities and without had significantly higher risks of SA in the total depression, DWI, and DHI cohorts. When specifically considering the enhancing effects of admission for head injury and depression on the DHI cohort, patients aged <50 years, of female sex, and without other comorbidity had extremely higher risks of SA than others (Table 3) . CI, confidence interval; HR, hazard ratio; PY, person-years; # incidence rate per 10,000 person-years; $ multivariable analysis included age, monthly income, urbanization level, and comorbidities of schizophrenia, alcohol-related illness, anxiety, mental disorders, insomnia, diabetes mellitus, hypertension, hyperlipidemia, chronic obstructive pulmonary disease, coronary artery disease, stroke, and cirrhosis; † New Taiwan Dollar (NTD), 1 NTD is equal to 0.03 USD; ‡ the urbanization levels were divided according to the population density of the residential area into four levels: level one was the most urbanized, and level four was the least urbanized; b the other occupation category included primarily retired, unemployed, and low-income populations; § individuals with schizophrenia, depression, alcohol-related illness, anxiety, mental disorders, and insomnia were classified into the comorbidity group; ** p < 0.01, *** p < 0.001.
Because we determined that admission for head injury had a significantly enhancing effect on SA in patients with depression, we further compared the DHI cohort to the DWI cohort, and the results are presented in Table 4 . We noted that patients in the DHI cohort (aHR = 14.8, 95% CI = 13.2-16.7), aged <50 years (aHR = 18.8, 95% CI = 16.4-21.5), of female sex (aHR = 21.7, 95% CI = 18.4-25.7), and without any comorbidity (aHR = 22.7, 95% CI = 19.6-26.4) had specifically significantly higher risks of SA. When considered the monthly income, urbanization, and occupation of patients, the ones with monthly income of less than NTD 15000, monthly income of NTD 15000-19999, and monthly income of ≥NTD 20000; the ones living in urbanization level one areas, level two areas, level three areas, and level four areas; who are office workers, laborers, and in other occupations all had significantly higher risks of SA (Table 4) . CI, confidence interval; HR, hazard ratio; $ multivariable analysis included age, monthly income, urbanization level, and comorbidities of schizophrenia, alcohol-related illness, anxiety, mental disorders, insomnia, diabetes mellitus, hypertension, hyperlipidemia, chronic obstructive pulmonary disease, coronary artery disease, stroke, and cirrhosis; † New Taiwan Dollar (NTD), 1 NTD is equal to 0.03 USD; ‡ the urbanization levels were divided according to the population density of the residential area into four levels: level one was the most urbanized areas, and level four was the least urbanized areas; b the other occupation category included primarily retired, unemployed, and low-income populations; § individuals with schizophrenia, depression, alcohol-related illness, anxiety, mental disorders, and insomnia were classified into the comorbidity group; ** p < 0.01, *** p < 0.001.
The total depression, DWI, and DHI cohorts appeared to exhibit positive associations with SDO after adjustment for age, monthly income, urbanization level, and comorbidities. The incidences of SDO in the comparison, total depression, DWI, and DHI cohorts were 2.64, 9.34, 6.97, and 88.6 per 10,000 person-years, respectively. Compared with the comparison cohort, patients had significantly higher risks for SDO in the total depression (aHR = 2.71, 95% CI = 2.55-2.88), DWI (aHR = 2.20, 95% CI = 2.06-2.34), and DHI (aHR = 17.1, 95% CI = 15.5-18.8) cohorts. When compared with the DWI cohort, the DHI cohort had a significantly higher risk of SDO (aHR = 9.04, 95% CI = 8.22-9.94) ( Table 5 ). In addition, we noted that the DHI cohort exhibited higher risks of SDO when combined with poisoning by medicinal substances (aHR = 14.4, 95% CI = 11.4-18.3), tranquilizers (aHR = 16.3, 95% CI = 13.3-19.9), and others (aHR = 6.68, 95% CI = 5.91-7.55) than did the DWI cohort. 
Discussion
In this study including participants aged ≥20 years and with a 12-year follow-up period, we observed that 3.27% (21,869 out of 669,244) of patients with depression were admitted for head injury. After admission for head injury, patients had a high (37.4 times) risk of SA compared with the patients without head injury who had a moderately increased (2.76 times) risk of SA. Moreover, patients with head injury had a following aHR of SDO as high as 17.1 compared to those in the comparison group; the DHI cohort had higher aHRs of 9.04, 14.4, and 16.3 for all SDO, poisoning by medicinal substances, and poisoning by tranquilizers, respectively, compared to the DWI cohort. Our observation in this study revealed evident proportional increases in the risks of SA and SDO in the patients with depression and head injury. This implied that medical substances and tranquilizers taken from the medical care system could be dangerously abused for SA (by taking a high dose of medications at one time) by patients with depression and head injury. A long-term prescription containing large amounts of medications should be carefully attributed for patients with coexisting depression and head injury in the future.
Apart from the known standardized hospitalization death rate of 10.7 deaths per 100,000 person-years in Taiwanese patients with traumatic head injury only [10] , this study revealed other risks in patients with depression and head injury, namely SA and SDO risks. The incidences of SA and SDO were 63.3 and 88.6 per 10,000 person-years, respectively, in patients with depression surviving from a head injury. Furthermore, our data in this study implied that their suicide risk could cumulatively increase in a decade or more. Therefore, we suggest that admission for head injury should be considered a serious disorder when interacting with patients with depression and highly dangerous for suicidal behaviors in these patients. In the literature, most previous studies have been designed to evaluate the suicidal risk mediated by the development of depression in patients surviving head injury [19] [20] [21] . Increasing awareness of depression in the population with head injury would help identify at-risk individuals, particularly because of the current general belief that depression is a common sequela after traumatic brain injury. To the best of our knowledge, this study provided the first nationwide population-based evidence of the risks of suicide attempt and drug overdose following a head injury in patients with depression. We documented the overwhelming enhancement of SA and SDO deriving from the admission for head injury in patients with depression for the first time.
According to Taiwan NHI guidelines, if a patient experiences a head injury with clear consciousness and does not have any intracranial hemorrhage or brain contusion based on brain images, the patient's head injury is classified as mild and as one to be treated in an outpatient service. Therefore, patients admitted for head injuries in this study were classified as moderate or severe with promising brain injuries or insults. The effects of depression and admission for head injury on suicidal behaviors and how they interact to increase the risks of SA and SDO require clarification. From the aspect of neuro-psychological factors of an individual with head injury, effects of various factors such as chronic cognitive and physical fatigue and associated psychiatric, sleep, or psychosocial sequelae are usually developed in patients [21] [22] [23] . Post-traumatic amnesia, poor attention, impaired processing speed, and anxiety were noted and led to a pre-and post-injury gap in patients with pre-existing depression. Patients have difficulties re-engaging in the desired living activities and are more likely to experience anxiety, which in turn may contribute to suicidal behaviors. In addition, biological evidence has demonstrated that head injury with brain insult could increase the neuro-inflammation pathologies over the blood-brain barrier, glutamate regulation, microglia activation, and even autoimmune response [24, 25] . The elevation of the levels of pro-inflammatory cytokines has been documented in patients with major depressive disorder and bipolar disorder with the induction of depressive symptomatology. All of those conditions facilitate the further development of depression and other mental disorders, which are associated with suicidality.
SDO is a nonviolent suicide method with a generally lower mortality rate than suicide by violent means. Because of the restricted access to firearms in most Asian countries, Asian patients may find it easier to attempt suicide through the nonviolent method of self-poisoning [26, 27] . This study reminds us that self-poisoning with medical substances or tranquilizers is the most accessible method for attempting suicide in patients with depression and head injury. Moreover, when implementing suicide prevention systems in the society, age <50 years, female sex, and the absence of other comorbidity could be thought of as high-risk factors associating with SA. When compared with a similar study in Finland [28] , we considered that monthly income and urbanization level were controversial effects for the risk of SA in Taiwan. Our findings are valuable for clinicians and governments in developing Asian countries with a heritage similar to that of Taiwan.
However, this study had several limitations. First, this was a retrospective study that included all the NHI claims data on hospitalizations related to head injury and depression during the study period. The accuracy of NHI claims data is assured by the severe penalty incurred for fraud and false claiming. We identified suicide behaviors, head injury, and depression on the basis of the ICD-9-CM coding system. Patients with minor SA or SDO, head injury, or depression may not report to the medical care system, although the patients with mild head trauma have also been documented to be associated with depression and suicidality [29] . This might result in underestimation of the risks of SA and SDO. Second, because patients' identities were anonymized in the NHIRD, we could not directly understand the details of patients' disorders, for example, the Glasgow Coma Scale or the severity score during the admission for head injury, the site and number of brain injury, or whether the initial head injury was due to self-harm of a SA in this study. Patients with frontal lobe injury or multiple brain injuries would have more psychological deficits than those with a single parietal lobe injury. The other issue is that the details of personal psychosocial factors could not be accessed and analyzed, such as individual alienation from family and society, suicide ideation, severity of personal stress, severity of depression, and other frustrations with performance after the head injury. In addition, painkillers or other medications used for head injury and depression might lead to abuse and be involved in patients' suicidality. Those are potential confounders associated with the risks of suicide behaviors. Finally, although our study design already controlled for numerous confounding factors, to our knowledge, some unmeasured or unknown confounders may have remained. However, this large-scale, fairly unselective study has sufficiently evidenced to be hedged against the limitations and other confounding variables above. Patients with coexistence of depression and admission for head injury should be considered at a high risk for suicide attempt and drug overdose. They might need more concern and treatment by physicians for patient safety and suicide prevention.
Conclusions
The risks of SA and SDO were proportionally increased by head injury in patients with depression in Taiwan. Our findings provide crucial information for clinicians and the government in Taiwan for implementing suicide prevention strategies. Moreover, whether it is adequate to offer long-term medical substances or tranquilizers to patients with depression admitted for head injury should be seriously questioned in the future. It is necessary to conduct more large-scale studies to clarify the effect of coexisting depression and head injury on suicidality worldwide. 
